Hygroscopicity

137
The hygroscopicity of freeze-dried powders was determined according to a method the viable count (CFU/g) at time t and N0 is the initial viable count (CFU/g). In addition, 165 isothermal heat treatment of the other powders (i.e., GA, MD and inulin matrixes) at 166 90 ○ C for 30 min were conducted using the same method described above. non-salted butter (3 g), and UHT skimmed milk (65 g) (Zhang et al., 2018 RSM powder (Xw = 0.05) decreased only by 0.75 log after the same treatment (Fig. 1A) .
243
This result is consistent with other studies, confirming that the heat resistance of Table B1 in Appendix B). The glass transition temperature (both onset and midpoint Tg) of the powder containing 290 10 wt. % gum arabic was the highest in comparison to that of other powders (Table 1) . All the four freeze-dried powders can be classified as hygroscopic because their 306 hygroscopicity was higher than 10 g/100 g (Schuck, Anne, & Jeantet, 2012). In 307 particular, the powders dried in gum arabic and maltodextrin appeared to be more 308 hygroscopic than the other two, although no significant differences in hygroscopicity 309 among groups was observed due to the large standard deviation (p>0.05) (see Table 1 ).
310
Among the tested encapsulating materials, gum arabic and maltodextrin are hydrophilic 4.25, respectively (refer to Fig. 3 ).
335
The higher LP survival observed in GA may be due to the high Tg of this formulation 336 (Table 1) 
345
Specifically a large number of bacteria were observed on the surface of the MD and 346 inulin powders, which suggests that bacteria in these matrices are less protected. baking temperatures (see Fig. 4B ), as well as the crumb structure (data not shown).
376
Remarkably, a high bacterial viability of 10 8 CFU/g was observed after baking at 100 (Table 2 ). However, no protective effect was 410 observed for gum arabic and maltodextrin during baking (Table 2) , even though gum 411 arabic performed the best during isothermal heating as discussed in Section 3.3 (Fig. 3) . higher viability compared to inulin, e.g. at 175 ○ C (log reduction was -2.46 for RSM 421 compared to -4.01 for inulin), which may be related to the increased visual entrapment 422 of bacteria into the matrix (Fig. 2) .
424
It is important to note that in this study no browning of the surface of the breads 425 occurred due to the relative low baking temperatures applied (Fig. 5) . Although the A, Fig. A1 ), the core temperature of the bread just reached 98 ○ C after baking (Fig. 4B) . The extent of starch gelatinization in dough was estimated using the method described 467 in our previous study (Zhang et al., 2018) . The starch gelatinization is described by a 
475
The 
